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[57] ABSTRACT

A high speed turbogenerator functionally combining, in
one machine, an electrical generator and an expansion

- turbine. The electrical generator itself has a shaft sup-

ported on two bearings and the expansion turbine com-
prises an expander wheel overhung on the generator
shaft and which rotates as a high pressure gas 1s let
down in the expansion turbine to a lower pressure at a
minimum predetermined flow rate and pressure drop.
The shaft operates at speeds of about 6,000 rpm to
32,000 rpm, preferably at the higher end of such range,
i.e. 20,000 to 24,000 rpm. The unit 1s sufficiently com-
pact that a new use for the electrical generator is to
modify the same such that the entire high speed turbo-
generator is contained within the conduit carrying the
gas to be let down in pressure and only electrical wires

need be led through the conduit. The integrity of the

conduit is thus retained to the extent possible and only
a high pressure cable fitting extends through the con-
duit. In the preferred embodiment, the high speed tur-
bogenerator is entirely fitted within a natural gas con-
duit in a gas distribution station, thereby achieving the
pressure letdown and also obtaining useful electrical
pOWETr.

9 Claims, 2 Drawing Figures
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1

HIGH SPEED TURBOGENERATOR FOR POWER
'RECOVERY FROM FLUID FLOW WITHIN
CONDUIT

BACKGROUND OF THE INVENTION

- The invention relates to the field of turbogenerators,
- and more particularly to an improved high speed turbo-
generator that is constructed with an electrical genera-
tor normally employed in aerospace applications by
adding to that generator, an expander wheel of a partic-
ular configuration and in which the entire high speed
- turbogenerator is contained within a conduit having a
venturi or restriction in the conduit such that gas flow-
ing through the conduit is directed through the radial
inflow expander to turn the same for operating the
electrical generator to derive power.

There have been numerous attempts in the past to
adapt an electrical generator to be fitted within a con-

duit carrying a fluid, the objective being to derive en-

ergy from the fluid as it passes through the conduit and
to thus convert that energy into a useful form.

One of the difficulties, however, is that the integrity
of the conduit itself must, of necessity, be breached in
order to convey that energy in some form outside the
conduit. Various rotameters have been used inside con-
duits and geared to electrical generators outside the
conduit, or other means have included inserting an
electrical rotor within the conduit with a station or
other excitation means outside the conduit and sur-
rounding the same. |

The disadvantages of the former means is obvious
from the integrity standpoint of the conduit, i.e., larger
openings must be cut into the wall of the conduit and
thus special seals must be developed and utilized to
prevent the fluid within the conduit from leaking to the
outside environment. This i1s particularly a probiem
where that fluid s a combustible product such as natu-
ral gas.

The latter solution does alleviate the integrity prob-
lem but the efficiency of interposing a conduit wall
between the rotary part of the generator and the starter
causes a great reduction in efficiency of the the overall
electrical generation capabilities.

SUMMARY OF THE INVENTION

The present invention combines, in unique fashion, a
known electrical generator presently used in the aero-
space field with an expansion turbine having an expan-
der wheel of a particular configuration to evolve a high
speed turbogenerator that is relatively compact and has
certain desirable characteristics. As described hereinaf-
ter, the new turbogenerator is a new machine even
though it may be described as having two separate
functions, that is, the function of an expansion turbine
“and an electrical generator. Even though such functions
may be separately described, however, the novel com-
bined machine is a unitary, turbogenerator, the two
separate functions having been married together in a
complete and inseparable union.

In particular, the new machine is created by evolving
a new use of the aerospace electrical generator com-
bined with an expansion turbine such that the high
speed turbogenerator itself has significant advantages
for power generation in applications within conduits
heretofore not possible. The electrical generator is mod-
ified for industrial use and merged into the turbogenera-
tor by combining, on the same shaft as the rotor of the
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electrical generator, an expander wheel. In this manner,
no gearbox is required inasmuch as a new machine is
created rather than merely the coupling of two known
rotating machines. In the new high speed turbogenera-
tor no additional bearings are utilized, only those bear-
ings normally present in a conventional generator are
needed. By matching the speed characteristics of the
expander wheel portion of the expansion turbine to the
high speed requirements of the aerospace electrical
generator, the use of intermediate gearing or gearboxes
is eliminated, thus the inefficiencies are avoided as well
as the rather cumbersome lubrication systems associ-
atéd with such gearboxes.

With the new high speed turbogenerator, therefore,
various new in conduit applications become possible,
due to its compactness. One of such applications 1s 1n
locating the entire high speed turbogenerator within a

- conduit carrying high pressure natural gas. The turbo-

generator needs no outside mechanical connections by
means of gears, shafts, belts or the like and the conduit
itself therefore retains, to the extent possible, its integ-
rity, a particularly important feature when dealing with
a combustible fluid within the conduit. |
There are, therefore, considerable commercial appli-
cations present today where a high pressure gas, such as
natural gas enters a distribution station at as high as 1500
p.s.i. and is let down to a lower pressure for further
distribution. By inserting the present high speed turbo-
generator completely within the natural gas conduit,
the letdown in pressure in that conduit can still be
achieved yet electrical power generation is also ob-
tained and can obviously be utilized for any purpose.
Only the electrical cable need breach the integrity of
the conduit wall, all of the rotating equipment being
completely contained therein. As an example, a typical
natural gas letdown station may have a conduit of about
32 in. diameter, which is sufficient space to house a 150
kva high speed turbogenerator within that conduit.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 is a side cross-sectional view of a basic turbo-
generator machine on which the present invention i1s
founded; and

FIG. 2 is a side cross-sectional view of a high speed
turbogenerator of FIG. 1, but modified such as to be

contained within a conduit carrying a fluid.

DETAILED DESCRIPTION OF THE
INVENTION

in FIG. 1, there is shown a side view, partly in cross-
section, of a high speed turbogenerator constructed 1n
accordance with the present invention and in which an
electrical generator 10 is of a generally available aero-
space design. At the present, there are commercially
available electrical generators of the type VSCF or
variable speed constant frequency generators in various
ratings, ranging from about 20 kva to as high as 1000
kva. This type electrical generators are presently uti-
lized exclusively in various aircraft and are described in

detail in Technical Report AFAPL-TR-76-8 by the Air
Force Aero-Propulsion Laboratory of Wright Patter-
son Air Force Base entitled “150 kva Samarium Cobalt
VSCF Starter Generator Electrical System Phase I,
available from the NTIS and dated March 1976.

To date the use of VSCF generators has been limited
to the aerospace industry and such electrical generators
are characteristically high speed, 1.e. 3,000 r.p.m. to
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about 25,000 r.p.m. Presently, VSCEF electrical genera-
tor systems are commercially available from General
Electric, Aircraft Division and The Bendix Company,
Power Division.

A main shaft 12 of electrical generator 10 carries the

- usual generator rotor (not shown) and is supported by a

pair of bearings 14 within electrical generator 10 in
conventional manner.

The turbogenerator also includes an expansion tur-
bine 16, however, as previously noted, expansion tur-

bine 16 is not a separate machine but does perform a
separate function. Expansion turbine 16 includes a ra-
dial inflow expander wheel 18 which is overhung from

the extended end of main shaft 12 and is directly affixed

thereupon. Expansion turbine 16 has a main flange 20

‘that is connected directly to a mating flange 22 of the
electrical generator 10 by means such as bolts 24. The
expansion turbine 16, as described with respect to FIG.
1, provides an inlet 26 and an outlet 28, both of which
have flanges 30 and 32, respectively.
As shown, therefore, in the basic high speed turbo-
~ generator of FIG. 1, the high pressure fluid enters the
“inlet 26 of the expansion turbine 16 and passes through
radial inflow expander wheel 18 to exhaust through the
outlet 28. By design of radial inflow expander wheel 18,
the speed of the radial inflow expander wheel 18 and
thus main shaft 12 that operates the electrical generator
10 is established to be from 3,000 r.p.m. to about 32,000
r.p.m. with optimum speeds of about 8,000 r.p.m. to
25,000 r.p.m., which is within the high speed normal
- operational range of electrical generator 10, given a
minimum pressure drop and flow conditions. The pres-
sure drop through the radial inflow expander wheel 18

must be at least about 40 p.s.i. and a minimum flow of

about one million scf/day to obtain the needed power
for operation of electrical generator 10.

Electrical power generated by electrical generator 10
is transmitted by suitable wiring 36 to a convertor 38
and a transformer 40 to convert the voltage and fre-
quency from electrical generator 10 to more conven-
tional voltage and frequencies.

Turning now to FIG. 2, there is shown an artist’s
rendering of a cross-section of a high speed turbogener-
"ator modified with respect to that shown in FIG. 1 to
adapt itto a new use within a conduit 42 in which a fluid
IS flowing. -

- The conduit 42 carries a high pressure fluid that be-
comes let down in pressure during its passage through
the high speed turbogenerator. Due to the particular
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- characteristics of the turbogenerator, a unit capable of 50

generating about 150 kva can easily be fit within con-
duit 42 having an internal diameter of about 32 inches.

In FIG. 2 there is assumed a flow of fluid in the direc-
tion of arrows 44, therefore, the fluid becomes reduced
in pressure as it travels in that direction.

A stabilizer 46 is used to take out, or at least signifi-
cantly reduce, the swirls in the fluid and may comprise
a cone shaped section 48 having a plurality of fins 50
that hold the cone shaped section 48 firmly in position
within conduit 42 by having the outer ends of the fins 50
secured in some manner to the internal surface of con-
duit 42.

- The main shaft 52 of the high speed turbogenerator
has affixed thereto the expander blade 54 in the same
manner as described with respect to FIG. 1.

Downstream of the high speed turbogenerator there
1s a restriction forming a venturi 56 within conduit 42
and which has a venturi throat 58 through which the
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fluid stream is directed and concentrated for rotating
the expander wheel 54 by locating the expander wheel
54 in close proximity to the venturi throat 58. As the
fluid passes through the expander wheel 54 and through
venturi throat 58, its pressure is reduced and that energy
recovered in the rotational movement of expander
wheel 54 which drives main shaft 52 to produce elec-
tricity in the high speed turbogenerator. The venturi 56
thereafter increases in diameter until it again reaches the
internal diameter of conduit 42 so that the fluid contin-

ues downstream to its further use.
The electrical energy generated by the high speed

turbogenerator is transmitted by means of wires 60
through a high pressure cable connector 62 for utiliza-
tion outside conduit 42 and which prevents the escape
of fluid from conduit 42 to the outside environment.

As an actual example of the use of a high speed turbo-
generator used 1n a conduit containing a fluid, natural
gas lines normally contain natural gas at a pressure of up
to 1,500 p.s.1. as the gas approaches a distribution station
where the pressure is let down by a valve to a lower
pressure for further distribution. In such a distribution

~station, a pressure drop of in excess of 40 p.s.i. is quite

normal and the conduit internal diameter for such sta-
tions are approximately 32 inches. In such conduit, a
high speed turbogenerator as herein described of a rat-
ing at least 150 kva can readily be fitted entirely within
the conduit such that only the electrical wires need pass
through the conduit through sealed openings, thus the
itegrity of the conduit can be maintained even in the
presence of combustible gas such as natural gas.
I claim:
1. A power recovery system for obtaining electrical
power from a flowing fluid, said system comprising:
a conduit through which a fluid passes of a predeter-
mined minimum flow and pressure;
a restriction means in said conduit forming a ﬂow
path of reduced area for the fluid, |
a high speed turbogenerator comprising an electrical
generator, satd electrical generator having a rotat-
ing shaft and a pair of bearings, said shaft having
one end thereof extending outwardly from one-of
said bearings, and a radial inflow expander wheel
directly affixed to the extended end of said shaft,
said high speed turbogenerator positioned entirely
within said conduit and having said expander
wheel adjacent said restriction means such that
fluid passing through said restriction means causes
rotation of said expander wheel at a speed of about
6,000 rpm to about 32,000 rpm and with a reduc-
- tion in pressure, |
means to pass electrical wiring carrylng current from |
said high speed turbogenerator through said con-
duit to a utilization means external of said conduit.
2. A power recovery system as defined in claim 1
wherein said restriction means comprises means to form
a venturi within said conduit and said expander wheel is

.centrally located adjacent the throat of said venturi.

3. A power recovery system as defined in claim 2
wherein said system further includes a stabilizer means
located in said conduit upstream of said expander wheel
to reduce swirls in the fluid. |

4. A power recovery system as defined in claim 2
wherein said fluid is natural gas. - |

5. A power recovery system as defined in claim 2
wherein said pressure reduction of said fluid through
said expander wheel 1s at least 40 psi.
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6. A method of producing electricity from the flow of
fluid through a conduit comprising the steps of:
locating entirely within the conduit an electrical gen-
erator having affixed to its main shaft a radial in-
flow expander wheel,
~ directing the flow of fluid through the radial inflow
expander wheel to rotate the same,
transmitting the power generated by the electrical
generator through the conduit for outside utiliza-
tion.
7. A method of producing electricity as defined in
claim 6 wherein said step of directing the flow of fluid
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comprises directing the fluid though a venturi within
the conduit adjacent the radial inflow expander wheel.
~ 8. A method of producing electricity as defined in

. claim 6 wherein said step of directing the flow of fluid
further includes stabilizing the fluid upstream of the

expander wheel to eliminate swirls in the fluid.
9. A method of producing electricity as defined in

claim 7 wherein said step of directing the flow of fluid
10

causes said radial inflow expander to rotate at a speed of
from about 6,000 rpm to about 32,000 rpm.
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